Background. Older adults with osteoarthritis (OA) are more likely to experience increased fatigue following bouts of physical activity than those without OA. The highly " fatigable " nature of this population is problematic as it has been linked to OA severity and decreased function. This study examined the effects of engaging in standardized lab-based physical tasks on subsequent fatigue, pain, and activity in older adults with OA.
F
ATIGUE is a common symptom among older adults that is even more prevalent with increasing age ( 1 , 2 , 3 , 4 ) . Fatigue has profound consequences on function and health ( 5 ) and has been associated with pain, sleep problems, depression, and increased mortality ( 2 , 3 , 6 , 7 , 8 ) . Additionally, older adults who report fatigue are at greater risk for current and future disability in mobility and activities of daily living ( 9 , 10 ) . Following engagement in fatiguing tasks, older adults have shown immediate decrements in balance and gait, which may in turn be related to a higher risk for falling ( 11 ) . Despite its negative impact on daily life that may persist for years ( 12 ) , fatigue in older adults has received little attention in research and clinical practice ( 4 ) .
In the interest of improving understanding of fatigue in older adults and developing clinical interventions, the National Institute on Aging introduced the concept of " fatigability " or the ratio of subjective fatigue or tiredness to the frequency, intensity, or duration of activity ( 13 ) . Thus, persons who are highly fatigable experience fatigue levels that are in some way activity limiting. Fatigue embedded within the context of daily activity is intended to discern how fatigue affect s overall function instead of simply examining fatigability of a specifi c body system ( eg, muscle fatigability [ 14 ] or aerobic capacity [ 15 ] ) .
Various clinical populations (eg, chronic fatigue syndrome, cancer) are considered fatigable meaning fatigue is associated with reduced activity ( 16 , 17 ) . In osteoarthritis (OA), over 40% of people age d 65 years and older have reported clinically important fatigue ( 6 ) , and our team found that, compared with age-matched controls, people with OA were four times more likely to experience an increase in fatigue following a high bout of daily activity ( 18 ) . Furthermore, examination of daily OA symptoms and activity revealed an inverse relation between fatigue and activity across a day. Although these results had ecological validity, it is unclear from these data what types of activity precipitated the fatigue increases, or how such activity altered subsequent fatigue, pain, and activity patterns. In addition, a comparison of changes in pain and fatigue related to activity was not examined, though pain, the cardinal symptom of OA , and a known correlate to fatigue ( 6 , 7 , 8 , 19 ) may play an important role in understanding fatigability in this population.
The purpose of this study was to examine how standardized lab-based physical tasks designed to simulate activities of daily living and performed to the point of self-reported fatigue, affect subsequent fatigue, pain, and activity in older adults with hip and/or knee OA. We addressed the following research questions:
Compared with a baseline period in which fatigue, pain, and activity were measured:
1. Are fatigue and pain higher and activity lower in a 5-day period following performance of lab-based tasks (ie, are there carryover effects)? 2. Are there differences in the diurnal patterns (within-day variation) of fatigue, pain, and activity following labbased tasks?
We hypothesized that there would be negative carryover effects in levels of OA symptoms and activity (ie, increased fatigue, pain, and decreased activity) after performance of lab-based physical tasks. We also hypothesized that diurnal patterns of OA symptoms and activity would be significantly altered following the lab-based tasks. Specifi cally, we expected to see reduced within-day variation of both symptoms and activity evidenced by higher and more stable symptom levels and lower and more stable activity levels. Due to the novelty of using simulated daily activities to induce fatigue in a controlled setting, the duration of the potential negative effects was unknown.
M ethods

Sample
Seventy-nine community-dwelling older adults responded to public advertisements in Southeastern Michigan between July 2009 and December 2010. An initial telephone screening by trained research personnel determined eligibility. Eligible participants provided written informed consent approved by the Institutional Review Board at University of Michigan. Individuals were included if they were age d 65+ years, scored 5 or more on the s ix-item screener ( 20 ) , and spoke English. Participants also were required to have a previous diagnosis of knee or hip OA and report pain and fatigue that interfered with daily function 3 or more days/week. Individuals were excluded if they reported a medical condition that interfered with daily task performance or caused pain or fatigue (eg, sleep apnea), knee , or hip joint surgery in the previous 6 months, were currently receiving physical or occupational therapy to reduce OA symptoms, were nonambulatory, or were unable to operate the accelerometer used in this study resulting in a fi nal sample size of 35 individuals.
Procedures
Participants completed a baseline and two randomized lab visits requiring performance of either physical or mental daily tasks. Home monitoring periods were completed following the baseline (4 days) and two lab visits (5 days each). Data gathered from the baseline and physical visits and their corresponding home monitoring periods were analyzed for this study. At baseline, participants completed questionnaires related to their health and OA symptoms, performed functional tests ( Timed Up and Go [ 21 ] , grip and knee extensor strength ) , and received instructions for a wrist-worn accelerometer to be used during the lab visits and home monitoring periods.
The physical visit was designed to fatigue older adults by requiring performance of a circuit of standardized common daily tasks including sweeping, simulated grocery shopping, and endurance walking. All tasks were completed in 15-minute circuits until participants reported they were too fatigued to continue or the 2.5 -hour time limit.
Physical tasks . -Participants were required to sweep kitty litter from a tiled fl oor using an upright broom and dustpan. Litter was continuously replaced on the fl oor by the researcher until 5 minutes were reached. Simulated grocery shopping required participants to fi rst rearrange weighted items on shelves above and at eye level. Next, participants lifted and carried a " grocery " bag of increasing weight while walking 75 feet and returning that distance back to the shelves negotiating a doorway twice in that loop. Weights on the shelves totaled 15% of their maximum grip strength (measured at baseline). Bag weight started at 15% and increased by 5% for each circuit completed (maximum of 25%). For endurance walking, participants walked as quickly as possible for 5 minutes along a 50-foot path.
Activity monitoring . -Using a wrist-worn accelerometer (Actiwatch-Score ; Philips Respironics, Mini-Mitter, Bend OR), activity was measured during the baseline home monitoring period and immediately following the physical visit. The Actiwatch-Score detects changes in acceleration and records them as activity counts (a 15-second epoch was selected). Higher activity counts refl ect higher intensity activities ( 22 ) . Activity was defi ned as the average activity count per minute -an average of all activity counts recorded per minute over an interval. Activity count information was further aggregated from one symptom reporting period to the next during each day of the home monitoring period.
Momentary OA symptoms . -During the physical visit, participants reported fatigue and pain levels after each 15-minute segment of physical tasks. Momentary fatigue, defi ned as tiredness or weariness, ( 6 ) was assessed by asking, " What is the number that best describes how fatigued or tired you are right now? " on a scale from 0 ( = not fatigued at all) to 10 ( = fatigued as badly as I can imagine). Momentary pain was assessed by asking, " What number best describes how bad your pain is right now? " on a scale from 0 ( = no pain at all) to 10 ( = pain as bad as I can imagine).
The 11-point rating scale of momentary symptoms, often used in clinical practice, was modeled after symptom severity questions from the previously validated Brief Fatigue Inventory ( 23 ) . Using these same questions and response options, participants were prompted to enter their fatigue and pain levels into the Actiwatch-Score during the baseline and postphysical visit home monitoring periods at wake-up, 11 am , 3 pm , 7 pm , and 11 pm .
Data Analysis
Descriptive statistics were obtained for the sample and key study variables. Baseline fatigue, pain, and activity were aggregated over 4 days of the baseline home monitoring period to refl ect " typical " within-day and daily levels. Symptoms and activity counts during the 5-day home monitoring period following the physical visit were analyzed using multilevel modeling (MLM). These momentary measures have a hierarchical structure with multiple observations nested within each day, and days nested within each participant. Use of MLM is optimal because it can simultaneously model within -(Level 1) and between-person (Level 2) variance and account for nonindependence of observations. Prior to running the MLMs using SAS Version 9.2 statistical software (PROC MIXED procedure; [ 24 ] ), variables were centered such that momentary (Level 1) variables were centered at each person ' s mean (ie, person centered) and therefore represented the degree of change at a given moment from the person's average level of fatigue, pain, or activity ( 25 ) . Mean levels of fatigue, pain, and activity were sample centered to represent deviation of an individual's mean from the sample mean. Sample-and person-centered fatigue, pain, or activity were included as covariates in MLMs and retained if signifi cant. Additional covariates (ie, age, body mass index, gender, and Timed Up and Go score) were entered into the MLM; however , none were retained as they were not signifi cant predictors and did not improve the model fi t.
To examine the fi rst research question, a set of dummy codes was developed to compare levels of fatigue, pain, and activity on Days 1 -5 (Day 1 = task day) to baseline. The second research question was examined by testing the linear and/or nonlinear effects of time within-day using interaction terms (ie, linear = T ime , quadratic = T ime 2 , cubic = T ime 3 ) as predictors of symptoms and activity. Next, interaction terms including the appropriate time effects (linear or nonlinear) and dummy variables (eg, D ummy × T ime 2 ) were developed to test whether the diurnal patterns of symptoms and activity were different on Days 1 -5 compared with baseline ( 26 ) . Because home monitoring data following the physical visit included only time points between 3 and 11 pm , s upplementary analyses were conducted to determine if analyses using only afternoon and evening time points were different from the " all-time points " analyses . These analyses helped protect against fi ndings of artifi cially low or altered symptom and activity levels on the hours following the lab visit compared with full days of monitoring. Only results suggesting differences between the afternoon and evening analyses and all time points analyses are reported.
R esults
Thirty-fi ve people participated in this study from a total of 87 recruited. Reasons for exclusion included the following: 21 -opted out of the study , 12 -medical condition that interfered with daily task performance or caused pain or fatigue , 6 -insuffi cient pain , 6 -no diagnosis of OA , 4 -insuffi cient fatigue , 2 -diffi culty communicating , and 1 -age requirement. Descriptive statistics are reported in Table 1 . On average, fatigue and pain levels assessed at baseline were moderate and mild, respectively. The majority of participants (66%) reported knees as the most symptomatic OA joint. The average Timed Up and Go score (12.7 s econds ) was somewhat slower than age-based norms recorded for healthy older adults (9.2 s econds; [ 28 ] ). The average body mass index is categorized as overweight (ie, body mass index ≥ 30.0 ; [ 29 ] ).
Fatigue
Compared with baseline momentary fatigue ( m ean ± SD : 4.0 ± 2.2), the mean level of fatigue increased by approximately 1 unit (5.2 ± 2.4), on the day of the physical visit, Day 1. On Days 2 -5 mean levels of fatigue ranged from 3.5 to 3.9, levels that are similar in absolute terms to baseline. Figure 1 shows the mean levels of fatigue at each time point per day.
MLM results indicated that compared with average baseline fatigue levels, participants had signifi cantly higher fatigue on Day 1 ( β = 0.69; SE = 0.22; p < .002) and lower The diurnal pattern of fatigue at baseline showed a signifi cant increase from morning to night (positive linear effect ; β = 0.73, SE = 0.09, p < .001) and relatively higher levels midday compared with nighttime levels (a negative quadratic effect or upside-down U shape ; β = − 0.02, SE = 0.002, p < .001). Though only a depiction of means, this diurnal pattern of fatigue at baseline is evident in the fi rst column of Figure 1 (solid lines) . Time × Day interaction analyses showed that Day 1 had a signifi cantly different diurnal pattern than baseline, such that there was a significantly more negative linear ( β = − 1.99, SE = 0.88, p = .02) and positive quadratic (U shaped; β = 0.06, SE = 0.02, p = .01) effect of time. Differences in fatigue patterns between baseline and the physical task day can be seen in Figure 1 , column 1 versus column 2 (solid lines).
Pain
Compared with baseline momentary pain (2.9 ± 1.7), mean level of pain increased by approximately one half of a unit (3.6 ± 2.3) on Day 1. Participants ' pain levels on Days 2 -5 were similar to baseline, ranging from 2.7 to 2.9. Mean levels of pain by time point for each day are presented in Figure 1 (broken lines). MLM showed that pain levels on Days 1 -5 were not signifi cantly different than baseline ( β range = − 0.28 to 0.16; SE range = 0.17 -0.18; all p > .05).
The overall diurnal pattern of pain showed a signifi cant positive linear ( β = 0.36, SE = 0.06, p < .001) and negative quadratic ( β = − 0.01, SE = 0.002, p < .001) effect of time. This pattern of pain is shown in Figure 1 , column 1.
There were no signifi cant differences in diurnal patterns for Days 1 -5 compared with baseline and are depicted by the similar pain patterns in all six columns in Figure 1 (broken lines).
Activity
Compared with baseline momentary activity levels (279.4 ± 136.7), participants ' mean activity levels on Day 1 appeared slightly lower (265.7 ± 167.5). Activity levels on Days 2 -5 ranged from 269.7 to 300.1. Mean levels of activity by time point for each day are presented in Figure 2 . Activity levels were not signifi cantly different on Days 1 -5 compared with baseline ( β range = − 3.54 to 31.14; SE range = 17.07 -17.34; all p > .05). However, supplementary analysis of afternoon and evening activity data showed that activity level was signifi cantly lower on Day 1 compared with afternoon and evening activity at baseline ( β = − 34.75, SE = 17.39, p < .05). There were no differences in afternoon and evening activity levels between baseline and Days 2 -5.
There were signifi cant positive linear ( β = 691.46, SE = 89.11, p < .001), negative quadratic ( β = − 40.14, SE = 5.41, p < .001), and positive cubic ( β = 0.76, SE = 0.11, p < .0001) effects of time on activity. The positive cubic effect can be seen in Figure 2 with an increase in activity from morning to night, interrupted by a dip in activity around 7 pm , resulting in a prominent " checkmark " pattern of activity in the afternoon and evening. Compared with baseline, Day 1 showed a signifi cantly more negative linear effect of time ( β = − 27.16, SE = 4.37, p < .001), indicated by the steady decline in activity following the lab tasks ( Figure 2 , column 2) . Days 2 -5 ( Figure 2 , columns 3 -6) showed a diurnal pattern of activity similar to baseline ( Figure 2 , column 1) . 
D iscussion
This is the fi rst study, to our knowledge, to examine the effects of a standardized set of lab-based physical tasks on subsequent daily OA symptoms and activity in a sample of older adults with OA. We found that although the tasks did not affect pain, there were immediate negative carryover effects, including steadily high levels of fatigue and decreasing activity through the end of the day of task performance. Interestingly, we also found that following increased fatigue on the day of task performance, fatigue levels were significantly lower for 3 days before returning to baseline.
The duration of the negative carryover effects of task performance on fatigue and activity observed in this study provides insight into the fatigable nature of older adults with OA. The negative effects of task performance were somewhat transient, yet they were longer lasting than the effects seen in an exercise-based study of older adults with OA ( 29 ). Focht and colleagues ( 30 ) found that postactivity fatigue entirely dissipated by the afternoon hours on the same day in which the activity was performed. These differences in the extent of fatigability observed between studies may be related to differing intensities of activities chosen for the study or the amount of time participants engaged in the activities. Furthermore, the novelty of inducing fatigue by using more realistic, everyday activities that older adults likely encounter, as opposed to exercise-based tasks such as treadmill walking, may have captured symptom and activity changes different from what follows rote exercise.
Following the initial negative effects of task performance on fatigue and activity, a positive carryover effect on fatigue (ie, reduced fatigue levels) was sustained for 3 days after task performance. This fi nding is consistent with the literature that suggests that physical activity is associated with improved arthritic symptoms ( 31 ); however , this fi nding was somewhat surprising due to the fact that the lab tasks were completed in a single occasion. Indeed, exercise is often recommended as a symptom self-management strategy for persons with OA ( 32 ) and persons who exercise regularly also have improvements in OA symptoms and reduced disability ( 33 , 34 ) . It is important to note, however, that the lab tasks in our study were meant to simulate a single bout of daily activities rather than typical exercise behaviors. Despite these distinctions, participants eventually endorsed benefi ts in terms of reduced fatigue for 3 days following the physical tasks, even after facing an increase in fatigue on the day of task performance. This provides additional evidence that a bout of physical activity in forms other than traditional aerobic, strength, or fl exibility exercises may have health benefi ts ( 35 , 36 , 37 ). An alternative explanation for the lower fatigue levels may be that perceptions of fatigue were temporarily altered in comparison with the unusually high level of fatigue experienced on the day of the physical tasks.
There are some limitations to this study. Momentary measurements of fatigue, pain, and activity were taken only in the afternoon and evening hours on Day 1, as the lab visit consumed the morning period. To address this limitation, we conducted post hoc analyses, comparing only the afternoon and evening data points for all days. Though our results suggest that the activity protocol was successful in fatiguing participants, we cannot be sure that all participants were adequately physically fatigued when they halted the lab tasks as they may have had other reasons (eg, pain, boredom) to quit. Future studies controlling for alternate measures of function may be important to account for the great deal of variation in the time that it took our participants to fatigue (ie, >15 minutes to 2.5 hours). Our sample was somewhat small and had relatively low levels of baseline fatigue and pain. These factors limit our ability to generalize fi ndings. Given our small sample, we were unable to statistically explore subgroup effects, such as whether those with very high baseline fatigue had a stronger carryover effect of the physical task performance.
This study has several strengths, including the use of repeated measures, allowing for examination of daily and within-day processes, along with concurrent accelerometry, which provided a detailed objective estimation of participants ' activity levels and patterns ( 38 ) . Another strength was the use of simulated daily living tasks that may better refl ect older adults' daily routines to induce fatigue and therefore may have better ecological validity compared with purely exercise-based tasks. Although this study did not involve an intervention to reduce symptoms and increase physical function, the activity-based protocol has the potential to be used as an alternative to exercise in this population. Future studies could examine the use of this activity-based approach compared with structured exercise for older adults with OA.
C onclusions
In summary, a series of lab-based physical tasks temporarily increased fatigue and decreased activity but did not alter pain in older adults with hip or knee OA. After 1 day of increased fatigue, fatigue levels were lower for the subsequent 3 days. Our fi ndings may help to inform health professionals as to the appropriate timing of symptom management within the context of daily activity in this population. Additionally, although pain is a common focus of intervention, it may be important for clinicians to address fatigability as a means of improving overall activity levels and function in older adults with OA. Our future research includes investigation into an activity-based symptom management program tailored to the unique activity and symptom patterns of individuals with OA. 
